Axial Junction n-p-n Nanowires

Nanowire transistors are attractive architectures for
applications in next-generation electronic devices due to
their low dimensionality and compatibility with numerous
material systems.

Here we fabricate and characterize SiGe nanowire
transistors with an n-p-n doping profile and with a top gate
covering only the p-doped section of the nanowire.

The current—voltage characteristics for a series of
transistors with varying gate positions reveal that the on/off
ratios for electrons is the highest when the gated p-type
section is closest to the source contact, whereas the on/off
ratios for holes is the highest when the gated p-type section

\IS closest to the drain contact. .
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Atomic force microscopy
height profile image of a
typical n-p-n nanowire
showing the wire channel
clamped between two
metal contacts.

Scanning capacitance
microscopy (dC/dV
amplitude) image where
the brighter region along
the wire corresponds to
the p-type segment.

SEM image of a
completed device with
a top gate covering the
p-type section.

The exposed, n-type
sections of the
nanowire represent the
source-to-gate length
and drain-to-gate
length regions of the
device.
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Current-Voltage Transport Characteristics
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|-V curves and qualitative band diagrams as a function of source-
to-gate length (measured from the edge of the source contact to

the edge of the gate contact) for three representative devices. The

dashed portions of the band diagrams show the bands prior to an
applied voltage of the top gate. Back gate voltage values range
from —8V (light lines) to +8V (dark lines) in 1 V increments, with
Vds=1 V.

j \for electrons and holes, respectively. Y,
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We performed low-temperature |-V measurements down
to 77K and constructed a Richardson plot, which indicates
a Schottky barrier height of 0.65eV for electrons.
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On/off ratios for electrons (top) and holes (bottom) as a

function of the top gate and p-type section position,
with back-gate voltages of Vbg =+8V and Vbg = -8V
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